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ABSTRACT
At post-secondary institutions, student attrition and graduation rates are of great
concern. One contributing factor could be a student’s belief in inaccurate information
about the brain and human cognition (a neuromyth). Previous studies have shown among
teachers, college graduates, and pre-service teachers the prevalence of neuromyth beliefs
– the most rampant being the visual, auditory, and kinesthetic (VAK) learning styles
myth. Though studies have hinted at some possible negative effects of holding the VAK
learning styles myth, none have systematically investigated the matter. Therefore, the
purpose of this mixed-methods experimental study was to expose college students’
misconceptions about learning, investigate outcomes to learning for those that believe the
VAK myth, and to test the efficacy of a growth mindset intervention designed to correct
the VAK misconception. The sample of college students (N = 231) were recruited from
an introductory psychology course and randomly assigned to one of two conditions. In
both conditions, groups experienced a 20-minute online learning module; however, the
treatment group specifically learned about research on neuroplasticity, why learning
styles are a myth, and cognitive strategies to improve learning. All participants completed
pre- and posttests to assess their beliefs about the brain and neuromyths. The belief in
VAK learning styles was highly prevalent in this sample, but intervention had a strong
effect on changing college students’ incorrect beliefs. When prompted to describe
outcomes of the VAK belief, students most often report limited strategies for learning,
poor performance, lack of engagement, and perceived failure.
Keywords: learning styles, growth mindset intervention, college student learning,
neuromyths
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CHAPTER ONE
INTRODUCTION
National college enrollment, retention, and graduation rates have showcased a
steady decline between 2010 and 2016 (U.S. Department of Education, 2017, 2018) and
Western Kentucky University is not immune to this trend. The national downward
enrollment and retention movement has been a growing concern among post-secondary
institutions. One area of research that may be informative for institutions focuses on how
an individual’s belief about his or her capabilities impacts motivation, behavior, and
achievement (Bandura, 1997; Dweck, 2008). Interestingly, some people possess false
beliefs about their capabilities. In our study, we specifically focus on false beliefs about
the brain (i.e., neuromyths) and learning.
There are several common neuromyths, including claims that humans only use
10% of their brains, left- and right-brain thinkers, multiple intelligences, and learning
styles (e.g. Dekker, Lee, Howard-Jones, & Jolles, 2012; Geake, 2008; Macdonald,
Germine, Anderson, Christodoulou, & McGrath, 2017; Tardif, Doudoin, Meylan, 2015).
Of these, the most popular is that of learning styles or the idea that individuals can
determine a dominant sensory modality in which they prefer to receive information (i.e.,
visual, auditory, or kinesthetic) and that in turn, helps to maximize learning outcomes
when the learning environment matches one’s preferred learning style (e.g. Dekker et al.,
2012; Macdonald et al., 2017). Unfortunately, there is a substantial body of research that
contradicts these false beliefs about learning and the brain.
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We found there to be two myths underlying the learning styles belief: 1) aligning
instructional method to an individual’s style results in better learning, and 2) the brain
processes certain sensory information more efficiently than others, and this is highly
variable among individuals. When examining learning styles in either case, it fails to hold
up to scrutiny. Prior research has investigated learning style claims regarding the
alignment of instruction to an individual’s style and found there are severe reliability and
validity issues in the design and measures in existing research (Coffield, Moseley, Hall &
Ecclestone, 2004). Additionally, there is direct evidence refuting the existence of learning
styles – the condition matching instruction and style is not more effective than a
mismatching condition (e.g. Krätzig & Arbuthnott, 2006; Rogowsky, Calhoun, & Tallal,
2015). Furthermore, the brain is highly interconnected and uses multiple regions to
process any given stimuli (Dehaene, Kerszberg, & Changeux, 1998). Rather than use a
single modality (e.g. visual, auditory, kinesthetic), research supports that the
simultaneous combination of stimuli (multisensory cues) enhances detection and
identification of stimuli and improves reaction time to stimuli (Hershenson, 1962;
Morrell, 1968). A functional magnetic resonance image (fMRI) imaging of the brain
shows bimodal input (dual coding) actually has a super-additive effect on cellular
activity.
Even given the substantial evidence discrediting learning styles, the belief
remains highly prevalent. Beliefs are known to have a significant impact on motivation,
behavior, and achievement (Bandura, 1997; Weiner, 1985), and researchers have
hypothesized that a belief in learning styles among students may have significant
2

consequences, including future career selection and learning strategy selection (Newton,
2015). However, there has yet to be research systematically attempting to identify what
outcomes are prevalent as a result of holding the VAK learning styles belief. While the
prevalence of the VAK learning styles myth has been thoroughly documented among
teachers, investigations into the prevalence of these beliefs among college students have
been less studied.
This study identified the VAK learning styles myth as a fixed mindset belief, as
individuals believe they can only learn in one way. Students possessing these beliefs have
been correlated to display several negative behaviors (e.g. attributing outcomes to ability,
using helpless strategies, etc.) in the presence of challenges (e.g. Elliot & McGregor,
2001; Henderson & Dweck, 1990; Robins & Pals, 2002). In hope of changing fixed
mindset beliefs into something more growth-oriented, we drew upon existing
interventions (e.g. Aronson, Fried, & Good, 2002; Yeager et al., 2016). The aim of this
study was to identify the prevalence of this VAK fixed mindset among college students
and test the efficacy of a growth mindset intervention.
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CHAPTER TWO
LITERATURE REVIEW
Neuromyths
There are many false beliefs regarding the brain and how it functions -- i.e.,
neuromyths (Organisation for Economic and Co-operation and Development, 2002). The
whereabouts of their origins are mostly unknown, though it is hypothesized they may
have come about as a premature attempt to connect neuroscience and education (e.g.
Goswami, 2006). Popular neuromyths include 10% usage of the brain, left- and rightbrain thinkers, visual-auditory-kinesthetic (VAK) learning styles, and multiple
intelligences (Geake, 2008). Many studies have assessed the prevalence of neuromyths
among different populations including teachers in the United Kingdom (UK) and
Netherlands (Dekker et al., 2012), teachers in Turkey, Greece and China (Howard-Jones,
2014), student teachers, high-school teachers, college teachers, and teacher trainers in
Switzerland (Tardif, Doudin, & Meylan, 2015), and the general public, teachers, and
those with high exposure to neuroscience in the United States (Macdonald et al., 2017).
In each of these studies, the neuromyth most prevalent is VAK learning styles; the
prevalence in each population is summarized in Table 2.1.
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Table 2.1
Prevalence of Learning Styles among Subpopulations.
Research
Article

Dekker et
al., 2012

HowardJones, 2014

Statement
“Individuals learn
better when they
receive information
in their preferred
learning style (e.g.,
auditory, visual,
kinesthetic).”
“Individuals learn
better when they
receive information
in their preferred
learning style (for
example, visual,
auditory or
kinaesthetic)”

Dandy &
Bendersky,
2014

Teaching to a
student’s learning
style enhances
learning

Tardif et al.,
2015

Visual-auditory
“Some individuals
are visual, others
are auditory”
Visual-Auditory
“A pedagogical
approach based on
such a distinction
favors learning”

Macdonald
et al., 2017

“Individuals learn
better when they
receive information
in their preferred
learning style”

Population
Type

Primary &
Secondary
Teachers

Practicing
Teachers

Undergraduate
Students
Higher
Education
Faculty

Primary,
Secondary, &
Post-secondary
Teachers

Location

Number of
Participants

Percentage
Agreeing with
Statement
(%)

United
Kingdom

137

93%

The
Netherlands

105

96%

Turkey

278

97%

Greece

174

96%

China

238

97%

164

88%

81

64%

280

96%

274

87%

3,045

93%

598

76%

234

78%

United
States

Switzerland

General Public
United
States

Educators
High
neuroscience
exposure
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Learning styles
The term learning styles refers to the concept that individuals differ in regard to
what instructional or study method is most effective for them (Pashler, McDaniel,
Rohrer, & Bjork, 2008). Upon reviewing the learning styles literature, Coffield et al.
(2004) and Cassidy (2004) found there to be more than 70 different learning styles
models, including convergers and divergers; holists and serialists; globalists and analysts;
and many others featuring some type of dichotomy. The sheer number of learning style
models may suggest that the concept of learning styles lacks a firm theoretical foundation
and well-grounded findings (Coffield et al., 2004). It seems the most influential and
applicable of these models (e.g. Coffield et al., 2004; Dekker et al., 2012; Howard-Jones,
2014) is the visual, auditory, and kinesthetic (VAK) learning styles model. This model
entails three underlying assumptions: 1) the learner has an optimal sensory modality
through which information is more efficiently processed in the brain, 2) the learner is
able to self-identify his or her dominant modality and/or there is a reliable and valid way
to determine the learner’s dominant modality (i.e., style), and 3) aligning instruction to
style results in optimal learning (Kirschner, 2016).
Refutation of learning styles. The status of learning styles in the literature has
been updated several times (e.g. Coffield et al., 2004; Pashler et al.,; Willingham,
Hughes, & Dobolyi, 2015), and each time there has been a resounding lack of support.
The first area of concern regarding learning styles research is how individuals are
identified as having a certain “style.” Learning styles research is heavily reliant on
measurement through instrumentation, and thus, there is a need for established face
6

validity, construct validity, predictive validity, ecological validity, and cultural validity.
However, even among the numerous inventories, it seems most are not valid or reliable
(Coffield et al., 2004). Even learning styles researchers recognize the problems with
validity and reliability to be among the top concerns (Peterson, Rayner, & Armstrong,
2009). This issue is no surprise considering the various interpretations of the term “style”
in practice. For example, a learning “style” could be a specific set of study strategies one
prefers to use, it could be a belief in how the brain specifically processes sensory
information (i.e., neuromyth), or it could be considered a set of methods a teacher uses to
communicate information to students. Without a shared understanding of the term
learning “style,” measurement errors are to be expected.
Likewise, there are studies that have directly refuted the existence of learning
styles, specifically the VAK model. Krätzig & Arbuthnott (2006) first assessed
participant’s (n = 65) learning styles using two methods: self-report and the Barsch
Learning Style Inventory (BLSI). For the one-item measure, participants were asked,
“What word would best describe the type of learner you are?” and were then given five
choices from which to choose (i.e., visual, verbal, kinesthetic, no preference, or equal
preference). The BLSI contains 24 statements (e.g., “Can remember more about a subject
through listening than reading.” or “Enjoy working with tools.”) and respondents are
asked to evaluate each item with one of three choices (i.e., often, sometimes, and
seldom). Points are awarded for each response (i.e., often = 5 points, sometimes = 3
points, and seldom = 1 point), and items are filtered into one of three categories (i.e.,
visual, auditory, and kinesthetic). Results suggest at least one of the methods of
7

identification is faulty, as only 44.6% of the participants were identified as having the
same style in both assessment procedures. Participants were then assigned to complete
three standardized memory tests: the Rey for visual memory, the Babcock for auditory
memory, and the TPT for kinesthetic memory. Final results indicated there was no
correlation between self-reported or assessed learning style and performance, challenging
the hypothesis that individuals learn best when utilizing a specific strategy (Krä tzig &
Arbuthnott, 2006).
Following another review of learning styles literature, Pashler et al. (2008) found
learning styles to lack substantial support and concluded they provide no evidence for
practical utility. However, their research also set forth the experimental design needed to
test the learning styles hypothesis and articulated what acceptable and unacceptable
evidence for the support or refutation of learning styles would be. Participants would first
need to be grouped by their learning style (e.g., visual or auditory) and then randomly
assigned to one of the instructional methods (e.g., visual or auditory). Then, all
participants would complete the same final assessment (e.g., memory tasks, content
evaluation). Upon reviewing the results, if there was a crossover interaction between
learning styles and method when plotted test score versus instructional method, the
learning styles hypothesis would be supported.
However, Rogowsky and colleagues (2015) used the design set forth by Pashler et
al. (2008) and were unable to support the learning styles hypothesis. In this study,
participants (N = 121) completed the adult Building Excellence (BE) Online Learning
Styles Assessment Inventory. This allowed researchers to classify the participants
8

categorically into two groups: primarily visual word learning style or primarily auditory
word learning style. Based on test results, some participants (n = 53) were unable to be
classified. Thus, remaining individuals (n = 68) were randomly assigned to one of two
groups, where each person within his or her respective group would receive the same
type of instruction. In one condition a digital audiobook (auditory) was used, while an etext (visual) was used in the other. Results indicated there is no statistically significant
relation of preferred learning style to learning aptitude or retention of information.
Furthermore, the dual coding theory predictions conflict with those of learning
styles. Dual coding is founded on the premise that information can be encoded in two
pathways, one for visual stimuli and the other for auditory stimuli (Cuevas, 2016).
Physiologically connected yet functionally independent, these two processing pathways
can work to reduce cognitive load (Hodes, 1998) and increase the ability to retain
information (Funnell, Corballis & Gazzaniga, 2001; Gazzaniga, 2005). Neuroscience
research has investigated similar dual coding claims and has found that multisensory cues
enhance the detection and identification of stimuli, as well as improve reaction time to
stimuli (Hershenson, 1962; Morrell, 1968). Additionally, when exposing people to
bimodal inputs, simultaneous visual and auditory information, fMRI of the brain finds
there is a super-additive effect on cellular activity (Calvert, Campbell, & Brammer,
2000). The neurons are actually firing more rapidly.
Cuevas and Dawson (2018) tested the two seemingly contradictory models:
VA(R)K learning styles and dual coding and found evidence supporting only one model,
the dual coding theory. In this study, 183 students used in the analysis were administered
9

the VARK Learning Styles Questionnaire of 16 questions, where each of the four answer
choices corresponds to one of the four sensory modalities: visual, auditory, readingwriting, and kinesthetic. Using a final tally count, individuals were assigned to a style
which had the highest number of answers selected. Then, individuals were randomly
assigned to one of two conditions. In both conditions, 20 statements would be read to the
individuals, but in one condition participants were prompted to think of a vivid mental
picture or image and in the other participants were asked to rate how well they could
pronounce them. The former condition focused on the addition of imagery to the auditory
statements, while the latter condition focuses only on the auditory/linguistic aspects of
the statement. Participants were not prompted to memorize the statements or told they
would be subsequently tested. Following all 20 statements, participants were read twenty
questions, one corresponding to each statement, and asked to respond with the correct
answer. Results indicated there was no crossover effect, as previously discussed by
Pashler et al. (2008), and thus, the learning styles hypothesis was rejected. Futhermore,
the condition in which participants had to form imagery had a highly significant effect
with participants recalling nearly twice as much information, supporting predictions of
dual coding theory. In other words, when individuals hear and see information, there is a
compound effect on learning.
Existence and persistence of learning styles. Ideas such as learning styles may
have first come about in the never-ending battle to optimize instruction and maximize
learning. However, these ideas become neuromyths when there is a belief in distorted
scientific facts, an offspring of scientific hypotheses, or a misinterpretation of
10

experimental results (Pasquinelli, 2012). Learning styles may have become popular when
there were a few studies, those with reliability and validity issues, supporting the idea.
From there, these results were able to invade the general public before further research
could address the opposing argument. Pashler et al. (2008) suggests the learning styles
myth may come about in three ways: 1) fad of categorizing people, such as with MyerBriggs Type Indicator test, 2) appealing idea that people have the potential to learn
effectively and easily, and 3) rather than blame failure on an individual’s ability or effort,
fault the unaligned instruction. Yet, even with scientifically-rigorous evidence opposing
the existence of learning styles, the myth persists. This can be seen in the number of
believers among different populations previously discussed. Though many educational
psychology texts specifically mention the lack of support of learning styles (Wininger,
Redifer, Norman, & Higginson, in press), the myths still thrive as a tool for
differentiation in general educational texts (Cuevas, 2015). Additionally, there is a
plethora of learning styles resources readily available for teachers to use (Willingham et
al., 2015). In a culture where the idea of learning styles is highly accepted, it is no
surprise that this myth continues to be propagated. Unfortunately, even if one were
suspicious of these appealing claims made and chose to look to research databases for
answers, he or she may still be led astray. When using ERIC and PubMed research
databases, a strong majority (89%) of the articles returned implicitly or explicitly
endorsed learning styles (Newton, 2015). Thus, the wide-spread epidemic of people
believing in the VAK learning style myth is rather predictable, but one must ask, is it
truly a problem?
11

Potentially problematic learning styles. There has been no systematic
investigation of the outcomes of believing you only learn in one way (i.e. visually,
auditorily, kinesthetically). However, several researchers have hypothesized this belief
may have significant consequences. For example, students may be selecting subjects
based on their perceived dominant modality or students may be developing a false sense
of confidence in a particular subject (Newton, 2015). Poor performance may be blamed
on the teacher and the environment (Willingham et al., 2015), rather than learners’ effort
and strategies. Probably the most obvious and widespread discussion is that effort, time,
and money are being wasted on ineffective methods; resources ought to be directed
elsewhere (e.g. Newton, 2017; Willingham et al., 2015). Furthermore, the concept of
learning styles undermines the capacities of individuals to learn (Sharp, Bowker, &
Byrne, 2008), and places individuals into a fixed mindset, or idea that human attributes
(like intelligence or ability to learn) cannot change (Dweck, 2006). Individuals who have
an entity view of intelligence (fixed mindset) have been found to focus on performance
goals (approach and avoidance), believe in the futility of effort, attribute outcomes to
ability, and use helpless strategies in the face of challenge or setback. In contrast,
individuals who have more of an incremental view of intelligence (growth mindset) have
been found to focus on mastery goals, believe in the utility of effort, attribute outcomes to
effort, and use mastery-oriented strategies in the face of challenge or setback (e.g. Elliot
and McGregor, 2001; Henderson & Dweck, 1990; Robins & Pals, 2002). Those who
have a fixed mindset often struggle when faced with academic challenges, resulting in
lower engagement, motivation, grade-point averages (GPAs), and overall student success
12

compared to students who have a growth mindset, the belief that increased effort and
strategy-use can improve learning outcomes (Dweck, 2006).
Growth mindset interventions. Studies examining the effects of growth vs. fixed
mindsets on student achievement and motivation have been very promising. For example,
Blackwell, Trzesniewski, and Dweck (2007) found that high school students with
incremental (growth) versus fixed mindsets predicted higher math grades and positive
motivation patterns. Likewise, Paunesku and colleagues (2015) found that when given a
growth mindset intervention, high school students “at risk” for dropping out of school
raised their semester GPAs by 6.4%. Studies completed at the college level found that
teaching students about growth mindset increased full-time enrollment rates, improved
GPAs, and reduced the overrepresentation of socially disadvantaged students among the
bottom 20% of class rank (Yeager et al., 2016). African Americans who experienced a
growth mindset intervention reported greater enjoyment of the academic process, greater
academic engagement, and obtained higher GPAs than their counterparts (Aronson,
Fried, & Good, 2002). Engineering students with an incremental view of intelligence
correlated with active learning strategies (Stump, Husman, & Corby, 2014), and math
students who exhibited stronger incremental theory of intelligence reported greater helpseeking behavior and earned a higher grade than those with an entity view (Shively &
Ryan, 2013).
Summary
Together the research would suggest that post-secondary institutions should be
concerned about the potential propensity of college students believing in the VAK
13

learning styles myth. Likewise, if college students could reframe their thinking about how
they learn (i.e., changing from fixed to growth-oriented), then perhaps they would exhibit
more positive outcomes like higher GPAs, challenge-seeking experiences, and degree
completion. Thus, the purpose of this study was to design and test the efficacy of an
online growth mindset intervention on college students. Specifically, I wanted to answer
the following research questions:
1) To what degree do college students believe that individuals learn better when they
receive information in their preferred learning style (i.e., visual, auditory,
kinesthetic)?
2) To what degree do college students believe that a student’s brain processes certain
sensory information (i.e., visual, auditory, kinesthetic) more efficiently than
others?
3) To what degree would an online learning module that introduces college students
to research on how the brain works, why learning styles are a myth, and cognitive
strategies to improve learning change the prevalence in their beliefs in the
learning styles myths?
4) What are the perceived outcomes of students who believe they only learn in one
way?

14

CHAPTER THREE
METHODS
Participants
All 231 participants for this study were taking an introductory psychology course
at a large university in the Mid-South United States. Participants received course credit to
participate in studies of their choice on Study Board. Majority of the participants were
female (74.9%), freshmen (58%), and White (78.4%), though there were sophomores
(21.2%), upperclassmen (6.9%), Black/African-Americans (15.2%), Hispanics (4.8%),
and Others (4.8%). Of these participants, 52.4% reported they were identified as visual,
auditory, or kinesthetic learners sometime during their K-12 schooling.
Measures
VAK neuromyth beliefs. The prevalence in beliefs among participants of the two
VAK neuromyth strands – i.e., the brain processes dominant sensory information most
efficiently, and matching teaching pedagogy to style enhances learning -- were measured
using single-item, true or false questions adapted Dekker et al. (2012) and Rato et al.
(2013) (see Appendix A). In order to mitigate response bias, an additional eight
statements were given, providing a total of 10 questions for the pre- and post-test
neuromyth belief measures. Research suggests that if the construct being measured is
unambiguous, then single-item measures can be used (Rossiter, 2002; Wanous, Reichers,
& Hudy, 1997), and when compared to multiple-item measures, single-item measures
demonstrate adequate reliability, concurrent validity, construct validity, and predictive
validity (Bergkvist & Rossiter, 2007; Dolbier, Webster, McCalister, Mallon, &
15

Steinhardt, 2005; Nagy, 2002). In addition, single-item measures are often easier to
understand, more quickly completed, and preferable when trying to measure change over
time (Dolbier et al., 2005).
Perceived outcomes. The perceived outcomes of believing in VAK learning
styles were collected through one open-response item: “Based on your experiences, what
outcomes to learning have you witnessed (either in yourself or in other college
students) that have been the result of students believing that they only learn in one
way (i.e., visual, auditory, kinesthetic)?” Data were then analyzed using a coding scheme
specifically developed for this study (see Appendix B).
Intervention
Prior research indicates allowing participants to conclude how information is
relevant is more effective than directly instructing them (Hulleman, Godes, Hendricks, &
Harachkiewicz, 2010). Thus, participants were first given a vignette which asked them to
consider a fellow college student’s problem. The student is experiencing learning
challenges in a college classroom that uses lecture and PowerPoint on a daily basis. The
student perceives themselves as being a hands-on learner, does not know what to do, and
is seeking advice. The vignette was designed to prime thinking about relevant scenarios
in participants’ lives and students were then asked to consider the outcomes of the
learning styles belief through the open-response item previously described.
Likewise, prior research suggests the importance of using consumer-friendly
information (Razzouk & Shute, 2012; Yeager et al., 2016), therefore, the three videos
were short, intelligible, and engaging. In addition, it was imperative to introduce
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participants to tangible strategies for learning they could use in the classroom since some
researchers have misused the growth mindset paradigm suggesting that the key to all
learning is an increase in effort. Dweck (2015) has explicitly addressed this industry
shortcoming stating that while effort does matter, people need to try new strategies and
seek input from others to truly maximize their outcomes. Thus, in this intervention, we
offered six concrete strategies (The ANSWER Method) derived from research in
cognitive psychology that any participant could use (Weinstein, Madan, & Sumeracki,
2018).
Following the last content video summary, participants were asked to give advice
to the struggling student in the scenario. This prompt was used to encourage students to
integrate content from all three videos and capitalize on the idea of “saying-is-believing.”
This technique is thought to be effective because it makes the information more selfrelevant, which may make recall easier (Bower & Gilligan, 1979), it engages the mind in
mental rehearsal of how to respond in a similar scenario (Gollwitzer, 1999), and it asks
participants to communicate with someone else, rather than implying that the participant
is deficient (Aronson, 1999).
Together, the intervention spanned approximately 20 minutes and consisted of the
vignette, open-response item, and three content videos with follow-up content evaluations
and summaries. The videos focused on: neuroplasticity of the human brain (Sentis, 2012),
research debunking learning styles (Memorize Academy, 2017), and research-supported
cognitive learning strategies (Memorize Academy, 2016). Refer to Appendix C for
specific information regarding the intervention sequence.
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Experimental Design
All participants (N = 231) first completed a 10-question true/false pre-test adapted
from Dekker et al. (2012) and Rato et al. (2013). Students were then asked to consider a
vignette of a struggling college student who claims to be a hands-on learner and
prompted with the following open-response question: “Based on your experiences, what
outcomes to learning have you witnessed (either in yourself or in other college
students) that have been the result of students believing that they only learn in one
way (i.e. visual, auditory, kinesthetic)?” (see Appendix D). Students were then randomly
sorted into one of two groups: treatment (n = 125) or control (n = 106) based on the day
of birth (i.e., even-numbered days were assigned to the treatment group, while oddnumbered days were assigned to the control group). In each condition, participants
experienced three videos of similar length with a multiple-choice and or short-answer
content assessment following the first two videos, but the final video only included a
video summary (see Appendices C and E). Following the treatment and control condition,
participants were reminded of the struggling college student and asked to give advice to
the student that would help him or her succeed. Finally, all participants completed the
same, previously mentioned, 10-question true/false test as a post-test. The experimental
design is represented in Figure 3.1.
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Figure 3.1. Experimental Design
Developing the Qualitative Instrument
Because students were asked to describe outcomes they have witnessed as a result
of believing in VAK learning using an open-response format, there was a need to develop
a reliable coding scheme to examine possible patterns and characteristics of outcomes.
An instrument was developed using inductive and deductive methods and multiple raters
(e.g., Huberman and Miles, 2002.)
This development occurred in three phases. In phase one, the second rater and I
reviewed the responses and developed an instrument with 15 codes from the emerging
patterns in the data. For each code, we created operational definitions and included
specific examples of student responses to illustrate the code in practice. Each response
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could have multiple codes. In a subsequent recoding a week later, we combined some
categories (e.g. “lack of engagement” and “lack of interest” became lack of engagement),
clarified definitions, provided keywords and phrases, and provided more examples. This
iterative process resulted in a revised instrument with 12 codes.
In phase two, a third rater was trained to use the instrument. The second rater,
third rater and I began by reviewing 35 responses (15%) together. During this process, we
discussed the coding categories and responses, noting any discrepancies between our
original coding pattern and that of the third rater’s. With a shared understanding and
familiarity in using the instrument, the third rater independently coded the remaining
85% of the responses. Upon completion, the third rater and I met to review and compare
the remaining 85% of our respective codes. Through this discussion, we further revised
the instrument removing two categories to maintain parsimony of the codes. The final
instrument called the Student-Environment Mismatch Learning Outcomes (SEMLO)
Instrument, contained 10 codes, 9 of which represent outcomes (see Appendix B).
In the third phase, the third rater and I recoded all responses to create a new
baseline. One week later, I independently and blindly coded all the responses again.
Inconsistencies were resolved through discussion with the second rater. After resolving
discrepancies in the independent codes (N = 338), interrater reliability was calculated to
be 87.1%.
Planned Analyses
At the onset of the study, the control and treatment groups were subjected to a
Chi-Square Test for Independence (with Yates Continuity Correction) to determine if
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there were any significant differences between the two groups in the two neuromyths of
interest. The Yates Continuity Correction was used to mitigate possible overestimation of
the Chi-Square value, as mentioned in Pallant (2010). Following the intervention and
control module, the two groups were subjected to a Chi-Square Test for Independence
(with Yates Continuity Correction) to determine if there were any significant differences
between the treatment and control and the effect size of the learning module.
Outcomes reported by students will be coded using the SEMLO, where each
response may receive multiple different codes. Frequencies and proportions of codes will
be counted to determine and discuss the most prevalent outcomes reported by
participants.
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CHAPTER FOUR
RESULTS
VAK Learning Styles Myth 1
Of the pre-test total sample (N = 231), 95.7% believed “individuals learn better
when they receive information in their preferred learning style (e.g., auditory, visual,
kinesthetic).” Of the treatment group, 97.6% (n = 122) were believers, and of the control
group, 93.4% (n = 99) were believers. A Chi-Square Test for Independence (with Yates
Continuity Correction) indicated there was no significant difference between the
proportion of believers in the two groups, χ2 (1, N = 231) = 1.54, p = .22 at the onset of
the study. Results of the pre-test for the first myth are summarized in Table 4.1.
Table 4.1
Pre-Test results for VAK learning styles myth 1
Believer
(Answered True)

Non-Believer
(Answered False)

Treatment

97.6%

2.4%

Control

93.4%

6.6%

TOTAL SAMPLE

95.7%

4.3%

Following the treatment and control modules, 25.6% (n = 32) of the treatment
group and 92.5% (n = 98) of the control group were still believers in the myth. A Chisquare Test for Independence (with Yates Continuity Correction) indicated there was a
significant difference between the proportion of believers in the two groups, χ2 (1, N =
231) = 101.49, p = .00, phi = -.67. Results of the post-test for the first myth are
summarized in Table 4.2.
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Table 4.2
Post-test Results for VAK Learning Styles Myth 1
Believer
(Answered True)

Non-Believer
(Answered False)

Treatment

25.6%*

74.4%*

Control

92.5%*

7.5%*

TOTAL SAMPLE

56.3%

43.7%

Note: Values differ at the p < .05 level(*).
VAK Learning Styles Myth 2
Results of the pre-test indicate of the total sample (N=231), 81.8% believed
“students’ brains process certain sensory information more efficiently than others (i.e.,
visual, auditory, kinesthetic).” Of the treatment group, 82.4% (n = 103) agreed with the
statement, and of the control group, 81.1% (n = 86) agreed with the statement. A Chisquare Test for Independence (with Yates Continuity Correction) indicated there was no
significant difference between the proportion of believers in the two groups, χ2 (1, N =
231) = 0.006, p = .94. Results of the pre-test for the second myth are summarized in
Table 4.3.
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Table 4.3
Pre-test Results for VAK Learning Styles Myth 2
Believer
(Answered True)

Non-Believer
(Answered False)

Treatment

82.4%

17.6%

Control

81.1%

18.9%

TOTAL SAMPLE

81.8%

18.2%

Following each groups’ respective learning module, when presented with the
statement “students’ brains process certain sensory information more efficiently than
others (i.e., visual, auditory, kinesthetic),” 36.0% (n = 45) of the treatment group and
74.5% (n = 79) of control group agreed with the statement. A Chi-square Test for
Independence (with Yates Continuity Correction) indicated there was a significant
difference between the proportion of believers in the two groups, χ2 (1, N = 231) = 32.71,
p = .00, phi = -.39. Results of the post-test for the second myth are summarized in Table
4.4. Pre- and post-test results for Learning Styles Myth 1 and 2 among the two groups are
displayed in Figure 4.1.
Table 4.4
Post-test Results for VAK Learning Styles Myth 2
Believer
(Answered True)

Non-Believer
(Answered False)

Treatment

36.0%*

64.0%*

Control

74.5%*

25.5%*

TOTAL SAMPLE

53.7%

46.3%

Note: Values differ at the p < .05 level(*).
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Percent Believers (%)

Believers of VAK Myths Pre- and Post-Test
100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0

Treatment
Group
Control
Group
97.6

93.4

VAK Myth 1
Pre-Test

25.6

92.5

VAK Myth 1
Post-Test

82.4

81.1

VAK Myth 2
Pre-Test

36.0

74.5

VAK Myth 2
Post-Test

Myth and Test

Figure 4.1. Believers of VAK Myths 1 and 2 Pre- and Post-Test.
Perceived Outcomes of Students Believing You Only Learn One Way
Participants (N = 231) suggested 9 different educational outcomes they had
witnessed in their own learning behaviors or others as a result of believing they only
learn in one way. Table 4.5 presents the frequencies and proportions. The outcomes most
frequently cited by the participants were limited strategies (28.2%), poor performance
(28.2%), lack of engagement (20.2%), and perceived failure (14.1%), representing 83.4%
of all 277 codes.
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Table 4.5
Student Perceived Outcomes of Believing You Only Learn in One Way
Total
(n = 277)

Outcome
n

%

Limited Strategies

78

28.2

Poor Performance

58

20.9

Lack of Engagement

56

20.2

Perceived Failure

39

14.1

More Effort

33

11.9

Anxiety

6

2.2

Confusion

3

1.1

Frustration

3

1.1

Judge Others

1

0.4

TOTALS
277
100.1
Note. “No Code” (n = 61) was excluded from this table. Total codes were adjusted to
reflect this omission. Percentages do not equal exactly 100 because of rounding.
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CHAPTER FIVE
DISCUSSION
Findings from this study echo prior research (e.g., Dandy & Bendersky, 2014;
Macdonald et al., 2017) which showcases the widely accepted myth that people learn
better when they receive information in their preferred learning style (i.e., visual,
auditory, kinesthetic). Likewise, this prevalence continues with the majority of our
participants believing that a student’s brain can process certain sensory information (i.e.,
visual, auditory, kinesthetic) more efficiently than others. These findings are concerning
considering the overwhelming evidence from neuroscience and the learning sciences
refuting these facets of the VAK myth (e.g., Calvert, Campbell, & Brammer, 2000;
Coffield et al., 2004; Rogowsky et al., 2015).
The good news is that college students’ beliefs can be altered – at least in the
short-term – with a carefully designed online learning module. In this study, the
intervention followed closely the recommendations made by prior growth mindset
researchers. Specifically, we used consumer-friendly information (Razzouk & Shute,
2012; Yeager et al., 2016) for each content video, saying-is-believing (Bower & Gilligan,
1979) and mental rehearsal (Gollwitzer, 1999) in free-response questions, and retrieval
practice (Weinstein et al., 2018) in content assessments. Because no significant difference
was seen between the treatment and control groups at the onset of the study, nor the preand post-test for the control, results suggest the intervention was effective in reducing
VAK learning styles beliefs.
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While previous work has hypothesized the negative effects of believing in VAK
learning styles (Newton, 2015; Sharp et al., 2008; Willingham et al., 2015), this
systematic analysis of perceived outcomes by college students raises many concerns.
When participants were asked to report outcomes in themselves or others when they
believed they only learn in one way (i.e., visual, auditory, kinesthetic), the majority of
responses (83.4%) were maladaptive. Furthermore, of the nine codes representing
outcomes, only one was positive (i.e., more effort). College students most frequently
reported people are limited in specific strategies for learning, they perform poorly, they
disengage from the learning situation, and they perceived themselves as likely to fail.
This pattern is concerning given how each reported outcome can negatively affect
motivation and achievement (e.g., Dunlosky, Rawson, Marsh, Nathan, & Willingham,
2013; Otundo & MacGregor, 2019; Weiner, 1985).
Whether students believe they lack the strategies needed to be successful or they
are actually limited in their strategies, the outcome is not a positive one. Given the
frequency of this report (28%) and suggestions by prior research (Newton & Miah,
2017), subsequent research ought to more thoroughly incorporate and investigate learning
strategy use among students who have a belief in VAK learning styles. While our
research provided students with rigorously-supported learning strategies, students may
need further instruction on how and when to use these strategies in real-world scenarios
(Dunlosky et al., 2013; The Learning Scientists, 2019).
Students also reported they either performed poorly and or believe they are likely
to fail (21% and 14% of the codes, respectively) when the learning environment does not
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match their perceived learning style. At the college level, especially given the frequent
use of lecture (Freeman et al., 2014; Johnson, Keller, & Fakawa-Connelly, 2018), it
seems likely these students would attribute their poor performance to the instructional
methods of a teacher. According to Weiner’s attribution theory of motivation, this
attribution could be detrimental to student motivation; prior research has found those who
attribute failure to stable, external, and uncontrollable conditions were less persistent and
felt hopelessness (Weiner 1985, 1992). Given negative learning experiences and the
presence of a perceived mismatch, students can continue to misattribute this performance,
further entrenching this ever-pervasive neuromyth.
Furthermore, students reported a lack of engagement (20% of codes) in a
mismatched environment. While engagement was broadly defined by the SEMLO (e.g.
interest, attention, effort, etc.), it is important to realize a lack of any type of engagement
mentioned would result in lower motivation and/or performance (e.g., Hidi, 1995;
Otundo & MacGregor, 2019). It is possible the reported engagement outcomes are a
result of the previously discussed misattribution and perceived failure. Researchers have
discussed there is often a divergence between self-reported behaviors and those actually
observed (Wilson & Linville, 1982), so these claims could be further investigated.
Overall, the findings from this study were concerning, yet encouraging. Given the
high prevalence of VAK learning style beliefs among our college student participants and
the maladaptive outcomes they reported, post-secondary institutions need to act.
Fortunately, the online, self-paced intervention designed for this study demonstrated
short-term success with moderate to strong effect sizes. Thus, post-secondary institutions
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could implement this intervention with large numbers of students, preferably early in
their college career, to eliminate misconceptions about learning while equipping them
with high impact strategies. Further research is needed to investigate if this change in
belief is sustained (and/or replicated), especially given the prevalence and extensiveness
of the myth, and how the change in this belief manifests. For example, do college
students persist in challenging courses (i.e., courses that do not intuitively “align” with
their preferred learning habits) because they know they can grow their brains (i.e.,
neuroplasticity) and apply different strategies for learning (i.e., ANSWER Method)? Or,
do they disengage, use limited strategies, perceive themselves to fail, and/or perform
poorly because they have held onto their limited views about the brain and how it
functions? Likewise, future research is needed to systematically examine actual
motivated behaviors and outcomes in real-world academic contexts for students who
believe in the VAK myth and/or experience the myth-reducing intervention. Finally, with
the pervasiveness of the VAK learning style myth reported in K-12 teachers worldwide
(e.g., Dekker et al., 2012; Howard-Jones, 2014; Macdonald et al., 2017), to what degree
could this growth mindset intervention have a positive impact in a K-12 setting? Future
research is needed.
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APPENDIX
APPENDIX A: PRE- AND POST-TEST QUESTIONS
Please read each statement and mark whether or not you believe the statement is
True or False.
1. Individuals learn better when they receive information in their preferred learning style
(e.g., auditory, visual, kinesthetic).
2. The left and right hemispheres of the brain always work together.
3. We only use 10% of our brain.
4. Our brain is wired to have at least 8 different kinds of intelligences (e.g., musical,
mathematical, visual, physical, verbal)
5. If only 10% of your brain was active, you would be in a vegetative state.
6. Difference in hemispheric dominance can help explain individual differences
amongst learners (e.g., People who are left-brained thinkers are good in tasks that
require logic or analysis while right-brained thinkers are more creative and intuitive.).
7. Every cognitive skill employs a network of brain areas spread across both
hemispheres of the brain.
8. Several brain areas are active for any given activity, and even when we are doing
nothing.
9. Our brain consists of eight independent, self-sufficient processes (e.g., logicmathematics, verbal, music, movement)
10. Students’ brains process certain sensory information more efficiently than others (i.e.,
visual, auditory, kinesthetic).
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APPENDIX B: STUDENT-ENVIRONMENT MISMATCH LEARNING OUTCOMES (SEMLO) INSTRUMENT
Code

Name

LS

Limited Strategies
for Learning

LE

Lack of
engagement

Definition
Learner has limited learning strategies (i.e., methods for
learning), limited experience with other learning strategies, or
bad study habits.
(Example key phases: learn differently, ways of learning,
don’t know how to study, don’t try anything new).

Example
“Students who believe that they can only learn one way haven't
given the other ways of learning a chance.”

Learners put forth less effort; loses concentration, focus,
interest, and/or attention; or stops interacting in class or with
content completely, as the instruction method does not match
learning style.
(Example keywords: give up, not try, reject, shut down,
unwilling, resistant)

“Students not willing to put the effort into trying a different way
of learning the material.”

Learner puts forth more effort to learn material (e.g., use new
methods/strategies) in mismatch
ME

AX

CF

Confusion

“They tend to not pay attention to the other ways the professor
is teaching, so they miss more stuff.”
“When students are only taught in one way they are likely to
lose interest…”
“I had to do more on hands things to learn the material better
like flash cards and deep study skills.”
“The student either takes what the professor gives them and
finds a way to learn the material in a way the best suites them,
or the student decides that they aren't going to be able to learn
anything and gives up.”

More Effort

Anxiety

“You think that you can only learn in one way and that causes
you to only think that you can and you're not exploring the other
ways of learning to retain information.”

Learner becomes (more) anxious/stressed when instructional
style does not match learning style.

Learning becomes (more) confused when instructional
method does not match learning style.
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“Students who limit themselves also seem more isolated to
themselves and stressed.”
“…become more stressed out than need be.”
“I have seen that direct hands on learning confuses me…”

FR

Frustrated

PF

Perceived Failure

PP

Poor Performance

JO

Judge Others

NC*

Learner becomes (more) frustrated when instructional method
does not match learning style.

“By believing they can only learn through one way, they may
feel frustration…”

Learner explicitly believes they are not capable of learning,
going to fail, or perform poorly in mismatch (self-doubt)
Learner does poorly; gains limited information; struggles
from experience of mismatch.
(Example key phrase: unable able to learn)
Learner makes judgements on other people’s ways of
learning; interpersonal combativeness; complains

“…they will fail. They might not do as well in the class…”
“There is slim chance of this student to succeed.”
“This prejudice led me to score lower in certain classes.”
“They don’t get all the materials necessary when hearing the
lecture.”
“They are quick to judge others way of understanding.”

Data does not represent a result (outcome) of students
believing that they only learn in one way (i.e., visual,
auditory, kinesthetic); likely a personal story, advice to
learners, disconnected opinion, or an incomplete idea.

“I always sit close to the board because I know I have a hard
time seeing the board. One professor would write on the board
with a red marker and I can not see the color red on the board. I
emailed him and even asked if he could use any other collar
besides red, however he did not. That caused me to not be able
to see the board to take good notes.”

No Code

“They are still retaining knowledge whether they think they are
or not”
“When professors lecture for the whole class period, or if they
only do hands on work.”
*NC is only applicable when an entire data cell meets criteria outlined in the coding instrument
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APPENDIX C: INTERVENTION SEQUENCE
Video 1:
Sentis. (2012, November 6). Neuroplasticity [Video file]. Retrieved from
https://www.youtube.com/watch?v=ELpfYCZa87g&t=3s
Content Assessment Questions (Video 1):
1. What is neuroplasticity?
2. If you wanted to learn how to do something new, what could you do to “rewire”
your brain?
Summary of the video (Video 1):
“If you only have experience using certain strategies for learning (e.g. note-copying,
highlighting, flashcards), then your brain’s pathway is stronger for those strategies.
However, neuroplasticity suggests that with practice, you can develop other strategies
that would help you learn in any environment.”
Video 2:
Memorize Academy. (2017, January 26). Learning Styles - A Complete Myth [Video file].
Retrieved from https://www.youtube.com/watch?v=o_SQrRa73U0
Content Assessment Questions (Video 2):
1. According to the video, do learning styles actually exist?
a. Yes
b. No
2. If learning styles don’t exist, in which three areas are people different according
to the video
_____________, _______________, _______________
3. According to the video, what would happen if a person continued to use what they
believed was their strongest learning style even though research says that learning
styles don’t exist?
Summary of the video (Video 2):
“Learning styles claim that one will learn more effectively when using or learning in their
preferred way. However, research indicates just the opposite -- using what you believe is
your strongest learning style will actually harm you! Because you have used certain
strategies (e.g. listening to a recording) so much, your brain has created strong neural
pathways for using that strategy. When the environment does not allow you to be
successful in using your favorite strategy, you may believe it is because you have a
learning style. Research indicates you just need more strategies!”
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Video 3:
Memorize Academy. (2016, December 15). How to Study Effectively for School or
College - Top 6 Science-Based Study Skills [Video file]. Retrieved from
https://www.youtube.com/watch?v=CPxSzxylRCI
Summary of the video (Video 3):
“Use “ANSWER" to remember some effective learning strategies:
Ask, explain, and connect
No cramming
Switch
Words and visuals
Examples
Recall what you know

- elaboration
- spaced practice
- interleaving material
- dual coding
- concrete examples
- retrieval practice”
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APPENDIX D: VIGNETTE AND OUTCOMES QUESTION
Consider the following situation:
You have been asked to mentor a college freshman new to WKU. This student confides
in you that they are struggling to learn the material in one of their classes.
When you ask what specific problems they are having, the student says, “I go to class and
the professor lectures for the whole 80 minutes. I try to listen and write down what the
professor puts on the PowerPoint, but I miss what he is saying. I am a hands-on learner,
and this class is going to be the death of me.”
The student in the scenario seems to believe they have a kinesthetic learning style (i.e.,
learns best through hands-on).

Based on your experiences, what outcomes to learning have you witnessed (either in
yourself or in other college students) that have been the result of students believing
that they only learn in one way (i.e. visual, auditory, kinesthetic)?
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APPENDIX E: CONTROL SEQUENCE
Video 1:
National Geographic. (2017, August 24). Brain 101 | National Geographic. [Video file].
Retrieved from https://www.youtube.com/watch?v=pRFXSjkpKWA
Content Assessment Questions (Video 1):
1. According to the video, the brain is composed of how many regions?
a. 2
b. 4
c. 6
d. 8
2. Based on information given in the video, what are the main functions of the
cerebellum?
Summary of the video (Video 1):
“The brain is the most complex part of the human body and is composed of neurons and
separated into four regions including the (1) cerebrum, (2) cerebellum, (3) brain stem,
and (4) diencephalon.
The largest section of the brain is the (1) cerebrum, responsible for learning, reasoning,
and speech plus processing senses like sight and hearing. The second largest part of the
brain is the (2) cerebellum. The cerebellum is responsible for coordinating muscle
movements, especially for balance and posture, while the (3) brain stem is responsible for
carrying sensory information, controlling movement and auditory and visual processing,
and motor and sensory pathways. The (4) diencephalon contains the thalamus (processes
and transmits sensory information except for smell) and hypothalamus and pituitary
gland (produce and regulate hormones) for sensations, weight regulations, energy, and
instinctual behaviors. Together, these sections work to ensure the body functions
properly.”
Video 2:
Forbes. (2015, July 29). College Life: Myth vs. Reality | Forbes [Video file]. Retrieved
from https://www.youtube.com/watch?v=9T_RwSBYjts
Content Assessment Questions (Video 2):
1. Less than 15% of college students are in a fraternity or sorority?
a. True
b. False
2. According to the video, college graduates earn on average how much more money
per year than high school graduates?
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Summary of the video (Video 2):
“Fraternity or sorority membership does NOT define the college experience; only 11% of
college students participate in a fraternity or sorority.
A free flow of alcohol does NOT define the college social scene; the average college
student spends about $900 per year.
College dorms are NOT spacious; the average dorm room is 12x19 ft. or 228 sq. ft.
College graduates earn an average of $17,500 more per year than high school graduates.
There are NOT plenty of scholarship opportunities; 69% of college students graduate
with an average loan debt of $28,400.
Over 20% of institutions allow athletic departments to oversee cases involving student
athletes. In 2010, Division 1 schools with football programs spent 7 times more on
athletes than other students.”
Video 3:
Fung Bros. (2013, August 28). COLLEGE FRESHMEN MISTAKES. [Video file].
Retrieved from https://www.youtube.com/watch?v=STs4Hc7OvOo
Summary of the video (Video 3):
“College Advice Recap:
Make Friends: don't hang out just with freshmen or the people in your dorm hall
Registration = your life: don't miss it! You'll end up a 6th year
Bedhead is not swag: No one takes someone with bedhead seriously
Live it, Don't watch it: Don't spend your time on social media.
You're all adults: Faculty members are actually pretty cool; don't shy away
It's Still School Lunch: If you eat dorm food, you'll look like dorm food
Just ask for things: The school offers free tutoring, food, entertainment, printing, etc.;
take advantage
Don't be under involved or too involved.
Have fun but not too much fun: enjoy life but remember you need that degree
Use services like google docs: you won't lose everything if something crashes!
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Don't go home every weekend.
Don't think college should be the peak of your life: if you are doing it right, it should get
better and better.
Don't pay full price for textbooks: find other sources!”
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